ABSTRACT This study is an analysis of the occurrence of lung cancer in nickel workers, particularly with regard to development time, histological types and tobacco smoking, in addition to specific exposure to nickel dust and fumes. It is a continuation of previous work in this field (Kreyberg, 1954a, b; 1962 , 1969 Kreyberg (1954a, b; 1962 , 1969 observed and underlined another increasing ratio, Group I (epidermoid and small cell anaplastic carcinoma)/ Group II tumours (adenocarcinomas and the other histological types). He pointed out that Group I tumours predominated in cases in which ionising radiation, arsenic, chromium, or tobacco smoking played a part, whereas adenocarcinomas and the other types were few. Since then it has been generally accepted that the enormous rise in lung cancer, predominantly Group I tumours, was caused by tobacco, especially cigarette smoking.
In Norway L0ken (1950) , who had searched unsuccessfully for earlier cases of lung cancer in the nickel refinery, described the three first cases of epidermoid lung cancer in workers at the Falconbridge Nikkelverk A/S nickel refinery near Kristiansand, southern Norway. In the same year another two cases of epidermoid lung carcinoma were found. These five cases would probably not have been associated with the specific occupation if we had not just started a systematic study of lung cancer at our Institute.
These cases caused some consternation at the refinery and the health authorities were duly informed. But then unexpectedly during the years 1952-7 inclusive only a single case of lung cancer (without histological confirmation) was reported from the refinery, and the whole problem receded although we kept in regular contact with the factory doctor. The absence of new cases was therefore not a result of neglect. In 1958 two new cases were found and in the following year another two, all epidermoid carcinomas; since then lung cancer has regularly been observed at Falconbridge. Pedersen et al. (1973) reviewed lung cancer at Falconbridge, using conventional statistical techniques, and concluded that during the period there were 48 cases of lung cancer. The highest risk was among the men involved in roasting, smelting and electrolysis.
In 1948-50 the frequency of lung cancer in Norway was beginning to change, although this was not generally recognised. The initial increase in the mortality statistics was probably a result of improved diagnosis. But gradually the increase was accompanied by other changes: an increasing male/ female ratio and an increasing urban/rural ratio. During the following years Kreyberg (1954a, b; 1962 , 1969 observed and underlined another increasing ratio, Group I (epidermoid and small cell anaplastic carcinoma)/ Group II tumours (adenocarcinomas and the other histological types). He pointed out that Group I tumours predominated in cases in which ionising radiation, arsenic, chromium, or tobacco smoking played a part, whereas adenocarcinomas and the other types were few. Since then it has been generally accepted that the enormous rise in lung cancer, predominantly Group I tumours, was caused by tobacco, especially cigarette smoking.
The conventional observation is that the incidence 109 of cancer increases and the development time de- creases when the dose of carcinogen is increased. But in lung cancer associated with tobacco smoking, in spite of a clear linear increase in the incidence with the dose, the mean age at tumour appearance is nearly constant. Nevertheless, H. J. A. Kreyberg (1965) demonstrated that these seemingly irreconcilable findings were those to be expected of weak carcinogens. In addition, Kreyberg (1967) showed, by a very strict differentiation of the histological types and precise recording of the amount smoked, that the age factor was, in fact, influenced. If smoking methods are considered, clear differences in occurrence are observable, as shown in Fig. 1 .
OCCUPATION, SMOKING AND LUNG CANCER
The problem was studied in a fairly large Norwegian series (Kreyberg, 1969) Fig. 1 Smoking habits of control subjects (Kreyberg) and age at diagnosis of epidermoid carcinomas. C = cigarette; M = cigarette and pipe; P = pipe; 0 non-smoker. 1929 and 1975 (histogram) . A = number ofpeople on the payroll (a = total number, b = those occupationally exposed to nickel); B = number ofpeople in established positions (a = total number, b = those occupationally exposed to nickel). The two cases from 1951 with development time of 1 year or less are not included. TOBACCO 
CONSUMPTION
In 41 out of the 44 cases this is known from the hospital records or from patients' statements noted by laboratory staff. Some of the information is complete with notes on smoking methods and amounts of tobacco smoked. In others the statements are less complete, such as 'smoked since the age of six years', and 'heavy smoker'. Only the first three cases are without documentary information, but a few years ago an old foreman at the refinery declared that the three persons in question were 'non-drinkers and non-smokers'. We cannot definitely accept nor ignore this information some 25 years after the death of the workers, inasmuch as several cancer victims, stated to be non-smokers, were later shown to be smokers, even heavy smokers, after careful perusal of the hospital archives.
During the eight-year period of reduced staff and reduced activity at the refinery, the general availability of tobacco was also reduced.
EXPOSURE TO NICKEL
The degree and the length of exposure to nickel will not be discussed in any detail, not least because we do not know which form of nickel is the active carcinogen. If nickel acts in its metallic state or in stable compounds, the specific carcinogen may continue to act many years after the last exposure to it. In fact, in our case No. 7 (Case 3 in L0ken (1950) ) the lung tissue, surgically removed 10 years after the patient had left Falconbridge, contained 2-8 mg nickel per gram dry substance. If, on the other hand, the carcinogenic compound is more or less unstable and/or rapidly excreted when the employment and direct exposure terminates, there may be a stopped exposure effect as described by Doll (1964) for tobacco smokers giving up smoking. In addition, the individual exposure may vary according to site of work, personal habits and precautions taken.
TIME FACTORS
Another feature which is measurable is the development time of the tumours, if this is defined as the time from taking up employment to the moment of clinical cancer diagnosis, regardless of possible interruptions of the work, or termination of the employment. Time of latency will in this paper mean the time from the termination of employment to the time of cancer diagnosis.
In the following analysis, all our cases of lung cancer observed at Falconbridge will initially be assumed to be caused by nickel. Only later will other factors inherent in the series be introduced as controls or as correctives for the final conclusions. On the other hand there are a few caveats to be mentioned. First, two cases from Series II; a commercial traveller, aged 65 at diagnosis in 1958, after four years' employment and suffering from an epidermoid carcinoma; and an office messenger, aged 60 at diagnosis in 1962, after eight years' employment, suffering from an adenocarcinoma; neither of whom had been exposed to nickel in their work: secondly, Kreyberg, 1969) , and that part is nearly linear.
In Fig. 4 . In this series only a single case had a development time of less than 20 years (17 years). The age of the workers when first employed is shown in Table 3 . In spite of a considerable spread within each series, there are more older workers in Series II, some even entering service at an age close to the mean age of lung cancer recognition in the general population. This means that some workers could already have been in a preclinical stage of malignancy when they started their work at Falconbridge. The age of the workers at the time of diagnosis is shown in Table 4 .
There is a remarkable similarity in the figures for the two series, in spite of the very great differences in development time, and furthermore the figures for both series correspond closely to the figures for the general population in the author's Norwegian control material. This indicates that nickel alone cannot be the sole carcinogen involved in this material. The obvious other factor to be considered is tobacco. Among the 32 Group I tumour cases there were only three possible non-smokers (Table 5 ). These were the first three cases recorded and there is no contemporary documentation for them. On the other hand, four of seven Group II tumour patients were documented non-smokers. As the Group II tumours have only a weak relationship to tobacco smoking, such cases can therefore be used as controls of smoking. Admittedly seven cases are few, but a 3/4 distribution of male smokers/non-smokers in the Agder Counties Area from which were recruited most of the Falconbridge workers at the relevant time, is a not unusual finding, according to our general knowledge of the local smoking habits.
L. Kreyberg
Against this background, a proportion of at least 91 9 % of smokers among the Group I tumour cases is much more than would be expected if these tumours were unrelated to smoking, and here the number is large enough to be of significance. This means that a considerable number of Group I tumour cases were also exposed to tobacco carcinogens in addition to the nickel. As most of the smokers started smoking tobacco years before their exposure to nickel, the latter factor will in time be secondary to the tobacco. The full significance of this observation can, at present, only be guessed, but it cannot be ignored. Kreyberg (1969) found only six non-smokers among 473 cases of epidermoid carcinoma, and only one of the six had been in contact with metal work. Furthermore, out of 123 men with small cell anaplastic carcinoma there was only one non-smoker.
The evidence presented indicates that tobacco smoking is an important additional factor in lung cancer in nickel workers. As a consequence neither factor can be ignored when the development time is evaluated.
Development time, as the term has been defined and used solely with regard to nickel, has not proved useful. The conditions in the two series present a most confusing and inconsistent picture. An alternative hypothesis may be tested in which development time is defined as from the moment of starting smoking instead of the moment of first employment in the refinery. In Norway most smokers start their smoking between 14 and 18 years of age, a comparatively short span of time, if compared to the wide range in age connected with the first employment at the nickel refinery. With this approach, the similar mean age at diagnosis can be satisfactorily explained. The development time of lung cancer due to nickel alone is accordingly obscured.
The minimum development time will be defined as the shortest possible period from the exposure to a carcinogen until the diagnosis of the tumour. That is a theoretical time. What actually is observed is the shortest time in each set of observations. In our numerous control subjects the shortest development time observed for epidermoid carcinoma related to tobacco smoking alone and embracing all trades and occupations was 3 cases out of 473, and with development times of 17, 18 and 19 years. In our present Series I, the shortest development time for the same tumour type related to nickel alone was likewise 17 years in a possible non-smoker. In our control subjects, among those with small cell anaplastic carcinomas there were 2 cases out of 123 with a development time of 13 years in smokers. Sunderman (1973) in a review paper refers to a development time in nickel workers as short as 13 years, however without considering a possible tobacco factor in addition. Sikl (1938) Kreyberg (1969) , reporting 551 Group I tumours from 1950-64, in the age groups 35-69 years found the risk of developing lung cancer of these types to be 115 Table 6 The yearly lung cancer mortality rate per 100 000 males in Norway
Period
Urban areas Rural areas Mid-1930s  2  2  Mid-1950s  25  5  Mid-1970s  50  20 23-8 times higher in smokers than in non-smokers, a figure of the same order of magnitude as that of the total increase in the general population during 40 years. If a nickel refinery in a town in Norway in the year 1935 produced a single case of lung cancer by nickel alone, and the local conditions remained unchanged, a single case a year would also be produced in 1975. However, if the lung cancer frequency in the refinery increased in proportion to the frequency in the population at large, 25 new cases could be expected, and 24 of these would be caused and/or influenced by the ambient factors (mainly tobacco smoking), and not by the nickel per se. This means that the true risk to a healthy person of developing lung cancer as a nickel worker can only be measured in a population of non-smokers.
TUMOUR TYPES IN THE FALCONBRIDGE CASES
Among the employees not exposed to nickel there were two cases of tumour, one each of Group I and Group II, as mentioned above. Among the workers exposed to nickel, 32 Group I tumours and 7 Group II tumours were registered, giving a ratio of 4 6/1. Table 7 shows the ratio between Group I and Group II tumours in Kreyberg's material from 1969, with regard to different occupations. The bottom line shows the corresponding ratios for lung tumours at the Falconbridge nickel refinery. Falcon-bridge; nickel-exposed 4 6/1 32/ 7
In our previous studies a high Group I/Group II tumour ratio has been regarded as an indicator of a L. Kreyberg high lung cancer risk, on the assumption that Group II tumours are little, if at all, influenced by the carcinogen in question. If this assumption holds good for nickel also and the number of cases is representative, the nickel lung cancer risk is higher than the risk in the general population, as shown by other authors. If, on the other hand, the development of adenocarcinomas is also enhanced by exposure to nickel and/or the number of cases is not representative, the observed ratio is not meaningful. Only further studies can give a significant answer to this specific question. For valid comparative studies the same histological definitions are necessary.
